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Remodeling of Actin Filaments by Cofilin
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Alexandr Soloduhin1, Emil Reisler3, Gunnar F. Schro¨der4,
Edward H. Egelman1.
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Cofilin/ADF proteins play key roles in the dynamics of actin. We used cryo-
electron microscopy of uniformly decorated actin-cofilin filaments to show
that the cofilin induced change in the filament twist is due to a unique confor-
mation of the actin molecule unrelated to any previously observed state. The
changes between the actin protomer in naked F-actin and in the actin-cofilin
filament are greater than the conformational changes between G- and F-actin.
Cofilin/ADF proteins efficiently depolymerize F-actin only when bound at
low stoichiometry to actin filaments. We also used cryo electron microscopy
to reveal the structure of F-actin decorated with sub-stoichiometric amounts
of cofilin. Our results suggest that the structural state of actin protomers found
within the uniformly decorated actin-cofilin filaments can propagate towards
the naked regions, and this cooperative propagation is uncoupled from the
change in the helical twist of F-actin upon interaction with cofilin. This illus-
trates the structural plasticity of actin and provides a structural mechanism
for actin depolymerization by the ADF/cofilin proteins.
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Counterion-Induced Formation of Regular Actin Bundle Networks
Josef A. Ka¨s, Florian Huber, Dan Strehle.
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Dominating the cytoskeletal contribution to cell mechanics and migration, actin
and actin-crosslinker systems have attained much attention with regard to rhe-
ology and network architecture. In contrast to protein crosslinkers or molecular
motors -which self-assemble and self-organize actin into networks, bundles or
asters- simple multivalent ions rely on the polyelectrolyte nature of actin and
should not imply any particular binding geometry. Using controlled counterion
condensation as a model linker at comparably high F-actin densities we report
an entirely novel state displaying regularly spaced networks of actin bundles
connected by aster-like clusters. Liquid crystalline effects at high densities of
long filaments were found to substantially alter the bundle network structures
directly reflecting the pre-existing order of the actin filaments.
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The actin cytoskeleton containsmany types of crosslinkers—for example, cross-
linkers that allow for free rotations between filaments and others that constrain
the angle between crossing filaments. The mechanical interplay between differ-
ent crosslinkers is an open issue in cytoskeletalmechanics.Wedevelop a theoret-
ical framework to study such a compositely crosslinked actin network to address
this issue. We use an effective medium theory and computational modeling to
carry out our investigations, with very good agreement between the two.
We find that the addition of angle-constraining crosslinkers, acting coopera-
tively with freely-rotating crosslinkers, allows the network to attain mechanical
rigidity (a nonzero shear modulus) as soon as there exists a connected percolat-
ing cluster. This finding suggests the optimal conditions for the actin cytoskel-
eton to become rigid and be able to bear and transmit forces with the minimal
amount of material possible. Without angle-constraining crosslinkers, the rigid-
ity percolation threshold requires a higher density of filaments such that the
transmission of forces is not as efficient. We further demonstrate that the intro-
duction of angle-constraining crosslinks in flexible filament networks results in
mechanical response similar to just freely-rotating crosslinked semiflexible fil-
aments indicating redundancy. Our results also impact upon tissue engineering
by providing design principles for developing filamentous scaffolds with tun-
able mechanical properties.
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Cells use their dynamic actin network to control their mechanics and motility.
These networks are made of branched and growing filaments. Here we study
under which conditions such networks are able to build up a stress and display
mechanical properties. Hard beads coated with a nucleating promoting factorare placed in a minimal protein system containing actin, the Arp2/3 complex,
Capping Protein, and profilin. We parallelize experiments and simulations and
find that gel heterogeneities observed around the beads do not always lead to
symmetry breaking and comet formation, due to the molecular structure of
the network and how it grows. Actin gel morphology around the beads is di-
rectly related to the balance between filament nucleation and capping. We pro-
pose a predictive phase diagram linking the molecular and physical properties
of growing actin gel. Therefore, in motile cells, a small change in protein con-
centration can thus lead to a dramatic change in cell mechanics and motility.
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F-actin meshwork contraction is a novel mechanism of intracellular transport
that was recently shown to transport chromosomes during meiosis in starfish
oocytes. The starfish model system is well suited to high-resolution fluores-
cence microscopy imaging. We use a high-throughput volume filtering proce-
dure as well as optical flow calculations and spatio-temporal image correlation
spectroscopy (STICS). We determine the meshwork pore sizes, node distribu-
tions, and branching angles, and relate these structural features to predictions of
the recently-proposed ‘‘homogeneous contraction’’ model of transport. We also
perform indirect structure analysis by simulating diffusing particles migrating
though the F-actin meshwork to probe local F-actin structures and to investigate
how F-actin bundle remodeling or binding to F-actin bundles would affect par-
ticle motion. We analyze these results in the context of percolation theory and
well-understood diffusion model systems. We furthermore compare the simu-
lated particle trajectories to experimental observations of chromosomes and
inert PEG-coated beads diffusing within both active and utrophin-stabilized
F-actin meshworks. The experimental data are in good agreement with our sim-
ulations, and both suggest that chromosome-sized particles can be transported
by the F-actin meshwork as passive cargo undergoing confined diffusion.
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Nitric oxide is a known regulator of cellular function that can act indirectly via
activation of guanylyl cyclase, or directly via the S-nitrosylation of cysteine
residues. However, little is known about the breadth of proteins that are regu-
lated. Actin is present in nearly all eukaryotic cells and in a variety of isoforms
that differ slightly in amino acid sequence, and more specifically in the number
and placement of cysteine residues. It has been shown by others that different
cysteines in the various isoforms can be modified by a number of oxidation re-
actions including S-nitrosylation. We therefore sought to determine the effect
of S-nitrosylation on the interactions of skeletal, smooth, and non-muscle actins
with myosin. We measured skeletal, smooth, and non-muscle (b and g) actin
nitrosylation in response to in vitro treatment with nitroso-L-cysteine - an en-
dogenous nitrosothiol and NO donor - as well as actin filament velocity over
heavy meromyosin (HMM), and the actin activated ATPase rates of HMM.
A coumarin switch assay showed that all three isoforms could be nitrosylated
by nitroso-L-cysteine. Nitrosylation of each actin isoform significantly de-
creased the in vitro velocity over HMM by approximately 38% with 50 mM do-
nor compared to untreated controls. In contrast, there was no difference
observed in the a-skeletal actin activated ATPase rates of the control and
treated filaments. Further studies are being conducted to determine which cys-
teine residues in skeletal, smooth, and non-muscle actin are modified by
nitroso-L-cysteine. Together these data suggest that nitrosylation of actin af-
fects the attached time of actomyosin crossbridges. Given the ubiquitous nature
of actin it is possible that nitrosylation is a common regulatory scheme for mus-
cle contraction and various forms of cell motility.
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The cellular cortex is a dense, quasi 2D network of actin filaments coupled to
the inner leaflet of the cell membrane and underlies numerous morphological
and physical behaviors of cells, including division, migration and adhesion.
The mechanical properties of the actin cortex determine how forces generated
frommyosin II motors are transmitted to facilitate contraction and tension build
up at cellular (10-30 um) length scales. We assembled a reconstituted actomy-
osin cortex which serves as a model system to understand the roles of actin fil-
ament length, actin cross-linking proteins and actin-membrane adhesion to
elucidate the mechanisms of cortex force transmission. We form a quasi-2D
network of actin filaments of variable length near the surface of a supported
